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Abstract
A Novel Decision based Unsymmetrical Trimmed modiﬁed winsorized mean algorithm, which uses modiﬁed winsorized mean
rather than conventional median for the restoration of gray scale and color images that are heavily corrupted by salt and pepper
noise is proposed. The processed pixel is checked for 0 or 255; if examined pixel is equal to 0 or 255, then it is considered
as noisy pixel else not noisy. The noisy pixel is replaced by modiﬁed winsorized mean of the unsymmetrical trimmed array.
The non noisy pixel is left unaltered. The proposed algorithm eliminates the salt and pepper noise by preserving ﬁne details
of an image even at high noise densities. The proposed algorithm shows excellent results quantitatively and qualitatively when
compared to existing and recently ﬁlters. The proposed algorithm is tested against different images of varying details, which gives
higher Peak Signal-to-Noise Ratio (PSNR), Image Enhancement Factor (IEF), Structural Similarity Index Metric (SSIM) and low
Mean square error(MSE). The information preserving capability is evaluated using Pratt’s FOM, which yielded very good result
even at high noise densities. The visual quality of the proposed algorithm after noise removal was found good at high noise
densities.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of organizing committee of the Eleventh International Multi-Conference on Information
Processing-2015 (IMCIP-2015).
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1. Introduction
H Salt and Pepper noise are often corrupts the image due to error in transmission. Linear ﬁltering techniques
were used over the years for the noise removal. Owing to the mathematical simplicity these linear methods were
used often. The aim of noise removal is to remove the salt and pepper noise with minimum deviation made to the
image. The linear ﬁlters were not effective in removing non Gaussian noise. The removal of salt and pepper noise
leads to removal of information in the image. Hence nonlinear ﬁlters were introduced. The most popular nonlinear
ﬁlters are median ﬁlters. Median ﬁlters would eliminate impulse and preserves edges in the image. Standard median
ﬁlter ﬂatters at increasing noise densities, Also the ﬁlter is applied to entire image irrespective of pixel is noisy or
not3. An Adaptive Median Filter (AMF) uses variable window for the removal of salt and pepper noise. At high
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noise densities, increasing window size cause blurring of images6. Over the years many switched median ﬁlters
were proposed to detect and correct only the corrupted pixel8–20. The drawback of the switched median ﬁlters is
that it detects and corrects the salt and pepper noise subsequently, but did not take local feature such as edges into
account.
For the removal of high density impulse noise (DBA) Decision Based Filters10 were proposed. The performance
of the image tends to degrade due to the replacement of neighbourhood pixel by exhibiting “Streaks” in images.
The occurrences of streaks cause edges of the images to be destroyed. In order to eliminate streaking at heavy
noise conditions a cascaded approach4 was proposed. The ﬁrst stage of the ﬁlter performs impulse detection
by comparing the processed pixel with minimum and maximum greyscale value of an image. If the processed
pixel is noisy then median is replaced else left unaltered. The second stage of the cascaded algorithm is a
mere replacement of unsymmetrical trimmed midpoint ﬁlter; this could damage the ﬁne details of the image. At
high noise densities, the cascaded algorithm smears the edges at homogeneous regions. The ﬂaw of streaking
encountered in DBA was rectiﬁed in Improved Decision Based Filter (IDBA)7. This algorithm replaced the mean
of pre-processed pixel rather than neighbourhood pre-processed pixels. This reduced streaks to few extents. A New
class of non linear ﬁlters was introduced called trimmed ﬁlters which eliminate all the outliers in the processing
window and process only the non noisy data. Few pioneers ﬁlters of this class are Modiﬁed Decision Based
Filter (MDBF)2, Modiﬁed Decision Based Unsymmetrical Trimmed Median Filters (MDBUTMF)5. The former
algorithm did not address the case, if the entire window is noisy. The latter algorithm gave mean of the window
as a solution for the above problem. Both these algorithms replaced the noisy pixel by ﬁnding trimmed median
of non noisy pixels. But at high noise densities both the algorithms fails to preserve edges and exhibits fading
effect.
Decision Based Unsymmetrical Trimmed Midpoint Filter (DBUTMPF)12 used unsymmetrical trimmed midpoint
in the place of unsymmetrical trimmed median to replace the corrupted pixels. This resulted in better qualitative
results than MDBUTMF. At lower noise densities the quantitative performance of the DBUTMPF was below par
than MDBUTMF. Hence the Decision Based Unsymmetrical Trimmed Variant Filter (DBUTVF)13 was proposed.
This algorithm works based on the number of noisy pixels in the current processing window. The noisy pixels were
replaced with unsymmetrical trimmed median or midpoint based on the number of noisy content of the current
processing window. This algorithm provides good noise elimination characteristics at low, medium and high noise
densities. A Simple Decision based Neighborhood Filter (SDNF)14 was proposed which replaced the corrupted pixel
with mean of the pre-processed 4 neighbors. Performance of the SDNF diminishes for increasing noise densities.
An Adaptive Cardinal B Spline Algorithm (ACBSA)11 exploited the interpolation property of cardinal B spline for
the removal of salt and pepper noise in an adaptive way. The algorithm works based on the number of non noisy
pixels in the current processing window. It was found that at high noise densities smearing of edges takes place.
The Recursive Spline Interpolation Filter (RSIF)17 is based on the at least two neighborhood noise-free pixels and
previous noise-free output pixel. At high noise densities the algorithm also exhibits fading effect. A Decision Based
Neighborhood Referred Unsymmetrical Trimmed Variants (DBNRUTVF)15 replaces the noisy pixels with mean of
4 neighbors or unsymmetrical trimmed median or unsymmetrical trimmed midpoint or the global trimmed mean
depending upon the current processing window. In all of the discussed literatures it was found that operations such as
mean, median, decision based median, unsymmetrical trimmed median or midpoint or content based trimmed median
or midpoint or spline interpolation techniques were used recently for the removal of salt and pepper noise. Each of
these operations is good in removing salt and pepper noise in images and videos but detoriates or induce artifacts at
high noise densities. To propose a ﬁlter that eliminates salt and pepper noise at high noise densities without inducing
effects such as streaking, fading and smudging decision based Unsymmetrical Trimmed Modiﬁed Winsorized Mean
Filter (DBUTWMF) is proposed. This paper is organized as follows. Section 2 deals with anatomy of unsymmetrical
trimmed modiﬁed Winsorized mean ﬁlter. Section 3 briefs the proposed algorithm in detail. Section 4 gives the
qualitative and quantitative comparison of proposed ﬁlter with existing ﬁlters. Section 5 gives the concluding remarks
for this paper.
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Nomenclature
SMF Standard median ﬁlter
AMF Adaptive median ﬁlter
DBA Decision based median algorithm
IDBA Improved decision based median algorithm
MDBF Modiﬁed decision based ﬁlter
MDBTMF Modiﬁed decision based unsymmetrical trimmed median ﬁlter
DBUTMPF Decision based unsymmetrical midpoint ﬁlter
DBUTVF Decision based unsymmetrical trimmed variants ﬁlter
CUDBMPF Cascaded decision based median ﬁlter and unsymmetrical trimmed decision midpoint ﬁlter
MDBUTMF−GM Modiﬁed decision based unsymmetrical trimmed median ﬁlter with global trimmed mean
ACBSA Adaptive cardinal B spline algorithm
2. Unsymmetrical Trimmed Modiﬁed Winsorized Mean Filter (DBUTMWMF)
2.1 Winsorized mean
Winsorized mean is a method of averaging that replaces the smallest and largest values with the observations closest
to it in the array. After replacing the values, a simple arithmetic averaging formula is used to calculate the winsorized
mean. Winsorized means is termed in two ways. A ‘J th’ winsorized mean refers to the reoccurrences of the ‘J ’
smallest and largest neighbourhood observations, where ‘J ’ is a value of pixel in a sorted array. A ‘J%’ winsorized
mean replaces a given percentage of values from both ends of the data. This addition of values allows a degree of
inﬂuence on the given data set.
2.2 Unsymmetrical trimmed modiﬁed winsorized mean
TheUnsymmetrical trimmedmodiﬁedwinsorized mean calculation is done by slightly altering the winsorized mean
to work properly at high noisy conditions in an image. Consider a data set that suits the salt and pepper noise removal
schemes. Let Sxy is an ordered array. Sxy = {0, 0, 109, 138, 164, 255, 255, 255, 255}. In this example 0 occurs twice
and 255 occurs 4 times. Perform unsymmetrical trimming on the data set resulting in Txy . Txy = {109, 138, 164}.
Now apply the modiﬁed winsorized operation by replacing the smallest (109) and largest (164) trimmed values of
the observation. Now the Txy array becomes {109, 109, 138, 164, 164}. Find the mean of the array resulting in
unsymmetrical trimmed modiﬁed winsorized Mean which in 136. It was found that any non linear operation that
falls between median and mean is good at eliminating salt and pepper noise. The values closer to median is still a
better option for salt and pepper noise removal. The reason behind the usage of unsymmetrical trimmed modiﬁed
Winsorized mean to suit the outlier removal is mainly because the value obtained by the proposed method lies very
close to standard mean and median. It was observed from literatures that any non linear method resulting between
mean and median is good in eliminating salt and pepper noise. The added advantage is that the value obtained through
the proposed method is tantamount to the value obtained with mean of non noisy pixels inside a current processing
window. The yester year literatures had proved mean of non noisy values inside a processing window is worth useful
in outlier elimination at high noise densities. Hence the proposed method is good for outlier elimination.
3. Proposed Algorithm
The Decision Based Unsymmetrical Trimmed Winsorized Mean Filter (DBUTWMF) initially detects salt and
pepper noise pixels and corrects it subsequently in images and videos. All the pixels of an image lie between the
dynamic ranges [0,255]. If the processed pixel holds minimum (0) or maximum (255), pixel is considered as noisy and
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processed by DBUTWMF else as not noisy and the pixel is unaltered. In case of videos split the videos into frames
and process it one after the other.
Step 1: Choose 2-D window of size 3 × 3. The processed pixel in current window is assumed as Pxy .
Step 2: Check for the condition 0 < Pxy < 255, if the condition is true then pixel is considered as not noisy and left
unaltered.
Step 3: If the processed pixel Pxy holds 0 or 255 i.e. (Pxy = 0 or Pxy = 255) then pixel Pxy is considered as corrupted
pixel. Convert 2D array into 1D array. Sort the 1D array which is assumed as Sxy .
Step 4: When pixel is noisy there happens to be two possible cases.
Case I: In a Current processing window, if the processing pixel is noisy, eliminate 0’s and 255’s from the ordered array,
thus forming an array without outliers. The noisy pixel Pxy is replaced by the winsorized mean of the sorted array.
Case II: If the processing pixel is noisy and the entire pixels inside the current processing window is either 0 or 255 or
combination of both 0 and 255 (all the pixels are noisy) then replace the Pxy with the mean of the pixel in the current
processing window.
Step 5: Steps 1 to 4 is repeated until all pixels of the entire image is processed.
Step 6: Repeat the above steps for the next frame in case of a video.
3.1 Insight of the proposed methodology
The processed pixel is checked for low (0) or high (255) values of the gray level values. This process is done on
entire pixels in the image. The large matrix refers to image and values enclosed inside a rectangle is considered to be
the current processing window. The element encircled refers to processed pixel.
Case (a): In the above illustration the processed pixel is checked for 0 < Pxy < 255. Here in the discussed example
processed pixel is 177. Hence processed pixel is not 0 or 255. So pixel is considered as noise free and pixel is unaltered.
Case (b): In this case the processed pixel Pxy is noisy (which is 0) and all the pixels around the processing pixel is also
noisy. Hence replace the corrupted pixel with mean of the current processing window. For an example the processed
pixel is noisy (i.e., 0). All the pixels around the processing pixel is also noisy. Hence ﬁnd the mean of the current
processing window i.e., (0 + 255 + 0 + 0 + 0 + 255 + 255 + 255 + 255)/9 = 141. The corrupted pixel is replaced
with 141.
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Case (c): In the selected window the processed pixel holds 0 (or 255). So the processed pixel is considered as noisy.
Convert the 2D array into 1D array and sort the 1D array.
Unsorted array: 50 94 0 0 0 163 255 255 127
Sorted array Sxy : 0 0 0 50 94 127 163 255 255
Now exclude salt and pepper noise (0’s and 255’s) in the above array to form an array containing non noisy pixels.
After the elimination of 0’s and 255’s the trimmed array consist of non noisy pixels only. Trimmed Array: 50, 94, 127,
163. Now interpolate the ﬁrst and last values of the trimmed array. In this case the smallest and the largest value of the
trimmed array (50 and 163) are replicated again. Hence the array now becomes. 50, 50, 94, 127, 163, 163. Find the
mean of the resultant array which is 107. This is termed as modiﬁed unsymmetrical trimmed Winsorized mean.
4. Simulation Results and Discussions
The Quantitative performance of the proposed algorithm is evaluated based on Peak signal to noise ratio (PSNR),
Mean square error (MSE), Image Enhancement Factor (IEF), structural similarity index metric (SSIM) and Pratt’s
FOM (For edge preservation). The equation 1, 2, 3, 4, 5 gives the PSNR, IEF, MSE, SSIM and Pratt’s FOM
respectively.
PSNR = 10 log 10
(
2552
MSE
)
(1)
MSE =
∑
i
∑
j (ri j − xi j )2
M × N (2)
I EF =
(∑
i
∑
j ni j − ri j
)2
(∑
i
∑
j xi j − ri j
)2 (3)
where r refers to Original image, n gives the corrupted image x denotes restored image, M×N is the size of Processed
image.
SSIM(x, y) = (2μxμy + c1)(2σ xy + c2)
(μx2μy2 + c1)(σ x2 + σ y2 + c2) (4)
where μx is the average of x, μy is the average of y, σx Standard deviation of x, σy is the Standard deviation of y.
C1 = (K1L)2,C2 = (K2L)2 two variables to stabilize the division with weak denominator; L the dynamic range of
the pixel-values (for an 8 bit image it takes from 0 to 255), K1 = 0.01 and K2 = 0.03 by default19. The ﬁgure of
merit of Pratt, which calculates the alikeness between two edge images, is given equation 5.
Pratt’s FOM = 1
MAX(K I, K B)
K B∑
1
1
(1 + ∞di2) (5)
600   K. Vasanth et al. /  Procedia Computer Science  54 ( 2015 )  595 – 604 
Table 1. Performance of various algorithms at different noise densities for PSNR in Lena image.
PSNR IN DB
α TMF CUDB MDBU MDBU
Noise in % SMF AMF PSMF α = 4 CWF DBA MDBMF MPF TMF MF−GM ACBSA PA
10 34.9 39.3 38.8 27.6 35.2 39 45.2 32.3 43.1 45.3 41.9 44.4
20 30.3 36.9 33.4 24.6 28.1 36.8 41.5 32.1 41.2 41.6 38.8 41.1
30 23.9 34.6 29.4 21 22.2 35.8 38.8 31.8 37.9 38.8 37.1 38.8
40 19 32.2 25.4 17.9 17.8 33.2 36.5 31.4 36.4 36.5 35.5 37
50 15.9 27.3 25.3 15.7 14.3 31.4 34.4 31.1 34.3 34.53 33.8 35.5
60 12.3 21.6 21.2 13.8 11.7 29.6 32.1 30.3 32.1 32.1 30.3 33.9
70 10 16.6 9.9 12.3 9.6 27.8 29.6 30.2 29.6 29.73 29.8 32.1
80 8.1 12.7 8.1 11.1 7.9 25.5 26.5 29.3 26.8 28.78 27.2 29.9
90 6.6 9.86 6.6 10.1 6.5 21.8 22.1 27.4 22.4 22.36 26.6 26.7
Table 2. Performance of various algorithms at different noise densities for IEF in Lena image.
IEF
α TMF CUDB MDBU MDBU
Noise in % SMF AMF PSMF α = 4 CWF DBA MDBMF MPF TMF MF−GM ACBSA PA
10 89.0 246.8 219.8 16.78 95.9 230.3 932.01 49.69 630.8 928 447 797.6
20 61.0 281.3 124.9 16.58 37.2 276.3 694.84 92.95 552.6 820 434 733.2
30 21.4 254.4 74.5 10.85 14.4 331.1 568.85 129.82 565.4 698 446 654.9
40 9.1 192.9 40.1 7.24 6.94 242.3 439.51 160.17 489.1 514 406 584.5
50 4.9 78.3 39.6 5.35 3.92 199.9 322.13 180.97 384.8 404 345 514
60 2.9 25 19.1 4.14 2.57 157.8 217.05 205.85 282.1 277 184 421.2
70 2.0 9.1 1.9 3.45 1.83 123.0 144.8 201.36 183.4 188 194 327.3
80 1.4 4.3 1.4 2.96 1.42 81.5 90.66 200.84 110.5 109 120 227.2
90 1.1 2.5 1.1 2.65 1.16 39.1 40.2 114.20 45.5 44 116 122.9
Table 3. Performance of various algorithms at different noise densities for SSIM in Lena image.
Structural Similarity Index Metic (SSIM)
α TMF CUDB MDBU MDBU
Noise in % SMF AMF PSMF α = 4 CWF DBA MDBMF MPF TMF MF−GM ACBSA PA
10 0.931 0.981 0.980 0.869 0.932 0.970 0.992 0.895 0.992 0.922 0.987 0.992
20 0.881 0.973 0.940 0.627 0.837 0.962 0.983 0.893 0.982 0.983 0.975 0.983
30 0.718 0.958 0.882 0.369 0.609 0.950 0.971 0.888 0.971 0.972 0.963 0.973
40 0.445 0.928 0.764 0.206 0.340 0.930 0.955 0.881 0.957 0.957 0.948 0.961
50 0.216 0.835 0.554 0.124 0.155 0.903 0.931 0.872 0.938 0.938 0.927 0.947
60 0.093 0.607 0.093 0.078 0.067 0.866 0.897 0.862 0.910 0.910 0.866 0.928
70 0.041 0.300 0.044 0.050 0.033 0.814 0.846 0.85 0.870 0.870 0.850 0.903
80 0.018 0.110 0.021 0.033 0.016 0.735 0.764 0.831 0.800 0.803 0.769 0.862
90 0.009 0.041 0.010 0.021 0.009 0.592 0.60 0.789 0.676 0.673 0.749 0.793
where K I and K B are the different points of edges in the restored image and original image, respectively, di is the
distance between a edge pixel and the nearest edge pixel of the original and α is a constant and was used α = 1 = 9,
optimal value established by Pratt1.
The Standard and existing algorithms used for the comparison are SMF3, AMF6, Alpha Trimmed Mean Filter
(ATMF)9, CWF3, PSMF18, DBA4, IDBA7, MDBMF2, MDBUTMF5, MDBUTMF−GM16, ACBSA or DBSA11
algorithm is tested on various images, but results were showcased for cameraman and synthetic image. Quantitative
analysis is made by varying noise densities in steps of ten from 10% to 90%. All the simulation is done in Intel i3
processor-2350 with operating frequency 2.3GHz and 4GB RAM capability. In this paper the DBUTWMF is referred
as Proposed Algorithm (PA). The proposed algorithm Tables 1, 2, 3, 4, 5 illustrates the quantitative performance of
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Table 4. Performance of various algorithms at different noise densities for MSE in Lena image.
MSE
Noise α TMF CUDB MDBU MDBU
in % SMF AMF PSMF α = 4 CWF DBA MDBMF MPF TMF MF−GM ACBSA PA
10 20.9 7.4 8.4 110.9 20.3 8.1 2 38 2 1 4 2
20 60.6 13.1 29.6 223.2 102.7 13.4 5.35 92 4.9 4 8 5
30 259.3 22.1 74.5 511.89 409.9 16.9 9.79 42 8.2 8 12 8.4
40 814.2 38.5 185.2 1031 1082.3 30.6 16.84 46 14.2 14 18 12.7
50 1877.9 118.7 187.5 1738 2367 46.4 28.89 50 23.9 22 26 18
60 3776.3 443.2 484.2 2696 4295 70.7 51.5 59 39.6 40 60 26
70 6379.1 1421.2 600.0 3761 7109. 105.9 89.93 61 69.1 69 67 39
80 9945.8 3413.7 1000.6 5015 10624 182.6 163.48 75 134.6 136 123 65
90 14179 6708.8 1396 6316 14513 427.1 415.85 118 369.2 377 131 136
Table 5. Performance of various algorithms at different noise densities for Pratt’s FOM in Lena image.
ND in % DBA IDBA MDBMF CUDMPF MDBUTMF MDBUMF−GM ACBSA PA
10 0.885 0.892 0.942 0.733 0.940 0.942 0.929 0.946
20 0.871 0.856 0.896 0.688 0.890 0.904 0.894 0.913
30 0.823 0.831 0.861 0.670 0.852 0.853 0.859 0.882
40 0.787 0.797 0.813 0.647 0.807 0.805 0.825 0.846
50 0.743 0.758 0.763 0.641 0.735 0.741 0.791 0.796
60 0.699 0.727 0.651 0.621 0.664 0.659 0.626 0.739
70 0.582 0.670 0.528 0.558 0.587 0.583 0.594 0.679
80 0.467 0.580 0.441 0.477 0.468 0.468 0.468 0.575
90 0.332 0.425 0.306 0.392 0.326 0.339 0.441 0.432
Fig. 1. Qualitative analysis of the various algorithm corrupted by 90% salt and pepper noise on cameraman image.
the proposed algorithm in terms of PSNR, IEF, SSIM, MSE and Pratt’s FOM respectively. It is vivid from the above
tables that the proposed algorithm (DBUTWMF) suppresses noise at low, medium and high noise densities. This was
well indicated by DBUTWMF (PA), which has high PSNR, IEF, SSIM, Pratt’s FOM and low MSE compared to other
algorithms. A higher Pratt’s FOM in the proposed algorithm indicates the excellent edge preservation capability. The
qualitative aspect of the DBUTWMF against various algorithms for noise densities (10% to 90%) for cameraman and
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Fig. 2. Qualitative analysis of the various algorithm corrupted by 90% salt and pepper noise on synthetic image.
Fig. 3. Qualitative analysis of the proposed algorithm on different images corrupted by 80% Salt and pepper noise.
edge preservation of synthetic image at 90% is shown in ﬁg 1, 2 respectively. It was found that DBUTWMF preserved
the global and local edges after the removal of salt and pepper noise, where ﬁlters such as SMF, AMF, CWF, ATMF
and PSMF fail. At high noise densities the algorithms such as DBA and IDBA exhibits streaking as shown in Fig. 1
(second and third image from the top), MDMF, MDBUTMF and MDBUTMF−GM induce fading effect (fourth image
from the top, ﬁrst and second image in second row of Fig. 1). The interpolation ﬁlter exhibits blotching effect at the
edges of the image as shown in Fig. 1 third image in the second row) and The cascaded algorithm (CUDBUTMP)
too fails to preserve local edge and causes fading (fourth image from the top). The edge preservation property
of the proposed algorithm is tested on a synthetic image. The synthetic image was constructed using 21 visually
differentiable gray scale image for human eyes. It is vivid from the Fig. 2 that the algorithm such as SMF, ATMF,
AMF, TDF, CWF fails at very high noise densities. Hence the algorithms such as DBA, IDBA, CUTMPF, MDBMF,
MDBUTMF, MDBUTMF−GM, DBSF were considered for further analysis. The edge performance of the algorithm
is evaluated using the various regions of the synthetic image. The DBA and IDBA algorithm exhibits streaks and also
changes the white pixel region into grey. This phenomenon is mainly due to repeated replacement of neighborhood
pixels. For the unsymmetrical trimmed median based ﬁlters such as MDBMF, MDBUTMF, MDBUTMF−GM, it was
observed that the image undergoes fading due to the replacement of unsymmetrical trimmed median value in the
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Fig. 4. Qualitative performance of the proposed algorithm on different video frames corrupted by 70% salt and pepper noise on rhinos.avi.
place of corrupted values. Hence the constant regions such as ﬁrst row, ﬁrst rectangle (Black Colour) is completely
attenuated. The region between the last column, last and before rectangle (white and lesser white) considered as a line
edge also gets attenuated. The edge jittering also takes place in the edges of the various rectangles causing blurring
of edges. The cascaded algorithm (CUDBMPF) also undergoes smearing of edges at very high noise densities. This
phenomenon is observed in cascaded algorithm due to the fact that the algorithm initially replaces the corrupted pixels
with conventional median and later with unsymmetrical trimmed midpoint values. The ﬁrst rectangle comprise of
black pixel neighbourhood is completely eliminated. The proposed algorithm attenuates the step edge by converting
Black rectangle into a gray rectangle i.e. smoothening. The ramp edges are preserved by the proposed algorithm
(values in almost 21 gray levels and the information is preserved). The line edges are attenuated by the proposed
algorithm. Hence the proposed algorithm has a good edge preservation property even after removing high density
salt and pepper noise. It was observed from Fig. 1, 2 that the proposed algorithm does not exhibit any artifacts such
as streaking, blurring, and fading after eliminating high density salt and pepper noise. Figure 3 gives the qualitative
analysis of the Proposed Algorithm on different images corrupted by 80% Salt and pepper noise. The proposed
algorithm shows excellent noise removal feature with good detail preserving capability without inducing any blurring,
fading or streaks at high noise densities. Figure 4 illustrates the performance of the proposed algorithm on videos.
It was found that the proposed algorithm exhibit good results.
5. Conclusion
In this work a novel decision based unsymmetrical trimmed modiﬁed Winsorized mean is proposed for the removal
of salt and pepper noise in images and videos. The proposed algorithm employs a ﬁxed 3 × 3 window ﬁlter for
increasing noise densities. The initial challenge was to extract the limited resource from a small neighbourhood.
This was achieved using unsymmetrical trimmed modiﬁed Winsorized mean and mean of small neighbourhood. This
phenomenon shows high PSNR, IEF, SSIM, Pratt’s FOM and low MSE. The algorithm also exhibits a very good edge
preserving properties by preserving the information content of an image. The algorithm is relatively simple and exhibits
very good results when compared to standard and existing algorithms in terms of both quantitative and qualitative
measures. Hence this algorithm is suitable for the removal of high density salt and pepper noise in images and videos.
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